The objective of this study was to determine the effects of replacing high-moisture corn with glycerol on eating, resting and rumination activities of transition dairy cows. Twenty multiparous Holstein cows were paired by expected calving date and fed diets containing either glycerol or high-moisture corn once daily from -28 through +56 days relative to calving (DRTC). Glycerol was included at 11.5 and 10.8% of the ration dry matter (DM) for the pre-and postpartum diets, respectively. Cow activity (n=10 control and n=10 glycerol fed cows) was continuously videotaped for 24 hours on -17, -10, 8, 15 and 50 DRTC. Eating, resting and rumination activities from each cow were evaluated during an hour intervals beginning at 0, 1, 5.5 and 11 hours relative to feed delivery. There was no response (P>0.05) of treatment on the activities of eating, resting and rumination during the pre-and post-partum intervals. Glycerol can be recommended to replace high-moisture corn in rations fed to dairy cows during the transition period.
INTRODUCTION
The study of animal behavior has been viewed as an attempt to look at the entire production system, including the individual animal's activities in its social and physical environment. The objective of studying animal behavior is to better understanding the reasons underlying animal actions, and thereby to design more efficient production systems (STRICKLIN & KAUTZ-SCANAVY, 1984) . As part of animal behavior, feeding behavior includes the activities of eating, drinking, ruminating and resting, and these are affected by climate, condition of teeth, age of the animal and characteristics of the ration (ALBRIGHT, 1993) .
Overall, feed intake, feeding rate, number of meals, meals duration and rumination are patterns that change according to the characteristics of the diet, such as nutrient composition, physical properties or palatability. Thus, accurate measurements of the effects of dietary manipulation on feeding behavior are a valuable tool to interpret dairy cow performance, and observations that are more frequent are necessary to obtain reliable information from rapidly changing activities. Therefore, continuous measurements ensure that even the most rapid fluctuations on feeding behavior can be detected (DADO & ALLEN, 1993) .
Glycerol is a viscous liquid and a byproduct of base-catalyzed transesterification of oil in the formation of methyl and ethyl fatty acid esters in the production of biodiesel (THOMPSON & HE, 2006) and is a main byproduct of ethanol fermentation processing (MICHNICK et al., 1997) . For every 10 kg of soybean oil input there is a production of 1,225 kg of crude glycerol (THOMPSON & HE, 2006) . Recent growth of the biodiesel production has prompted forecasting of glycerol surpluses (CRANDALL, 2004) creating opportunities to use glycerol as an energy source for livestock.
Although glycerol has been recently shown to be a suitable primary feed ingredient to replace corn grain in rations fed to midlactation (DONKIN et al., 2009 ) and transition dairy cows (CARVALHO et al., 2011) , there is no information available on eating, resting and rumination activities in transition dairy cows fed glycerol. The hypothesis in the present study was that the inclusion of glycerol in rations for transition cows would alter the feeding behavior as either a consequence of coating of particles or through minimizing particle separation. The objective of the present research was to determine the effects of replacing high-moisture corn with glycerol in diets for transition dairy cows on eating, resting and ruminating activities.
MATERIALS AND METHODS
Twenty-six Holstein multiparous cows were selected for the study, paired by expected calving date, and housed in individual tie stalls at the Purdue Dairy Research and Education Center. Cows were randomly assigned to diets containing either high-moisture corn (control) or glycerol, and fed diets formulated to meet the NRC (2001) guidelines for 600 kg dairy cattle from -28 through +56 DRTC. In order to accommodate equipment constraints, we randomly selected a subset of twenty cows for videotaping and behavior measures (eating, resting and ruminating activities). Protocols for animal care and use were approved by the Purdue Animal Care and Use Committee.
The ingredients and nutrient composition of the pre-and post-partum diets are presented in Table 1 . Refined glycerol (99.5% United States Pharmacopeia-grade glycerine; Pt Sumi Ashi Oleochemicals Industry, Jakarta, Indonesia) was included at 11.5 and 10.8% of the ration DM for their preand post-partum diets, respectively. Description of the diets, production response, metabolic profiles and feed sorting of transition dairy cows fed glycerol as a replacement for high-moisture corn has been detailed (CARVALHO et al., 2011; 2012) , but some of the data is repeated here to assist in evaluation of the eating, resting and rumination activities. Diets were fed once daily between 06:30 to 07:30 h in amounts that ensured ad libitum consumption and approximately 10 to 15% feed refusals. Samples of total mixed rations (TMR) were collected weekly, dried in a forced-air oven for 72 h at 55ºC and ground using a Wiley mill to pass a 1-mm screen. Composite samples were formed monthly and analyzed by a commercial laboratory (Dairy One, Ithaca, NY) for DM, crude protein (CP), acid detergent fiber (ADF), starch and minerals by wet chemistry following AOAC (2000) procedures, and for neutral detergent fiber (NDF) following the method of GOERING & VAN SOEST (1970) . Ten cows in each treatment group were continuously videotaped for 24 hours using 10 ceiling-mounted black and white video cameras (Panasonic WV-BP-330) that allowed complete visualization of two cows per camera. Cameras were linked to a central monitor and a four-channel stand-alone digital video recorder for collection of data. Targeted days of video recording of behaviors were -17, -10, +8, +15 and +50 DRTC. Eating, resting and rumination activities from individual cows were later evaluated using Observer 5.0 (Noldus Information Technology 2009) software for 1 hour intervals beginning at 0, 1, 5.5 and 11 hours relative to feed delivery.
An ethogram was developed to determine a time budget for eating, resting and ruminating (both standing and lying). Behavior activities were scored from continuous real time video. For each scan the activity of feeding was defined as obtaining or manipulating feed, chewing feed with head in the feed bunk, or chewing feed with head away from the feed bunk. The end of feeding was defined as the cessation, for more than one minute, of the feeding behaviors described above. A feeding bout was defined as a continuous, discrete period of feeding separated from a different period of feeding by at least one interval of nonfeeding. Resting (both standing and lying) was defined as: inactivity, drinking, or grooming following a bout of either eating or rumination and was terminated with the initiation of either rumination or feeding. Rumination was defined as manipulating a cud or repetitive mouth movements that were not categorized as feeding based on the description above. The end of a rumination bout was defined as cessation of rumination activities for more than one minute. A rumination bout was defined as a continuous, discrete period of rumination separated from a different period of rumination by at least one interval of nonrumination. These scans were used to calculate the total time, number of bouts and bout duration for eating, resting and rumination.
The data were analyzed using the MIXED procedure (SAS, 1999) . The model accounted for the effects of treatment, DRTC, and time (relative to feeding), treatment × DRTC, treatment × time, DRTC × time, and treatment × DRTC × time. Data were analyzed separately for the pre-and post-partum periods. Terms specified for the random statement were cow within treatment, DRTC × cow within treatment, time × cow within treatment, and DRTC × time × cow within treatment. Repeated measures analysis specified cow within treatment as the subject term and group equal to DRTC. A first-order autoregressive structure provided the model with the best fit according to the Akaike's information criterion. All values are reported as least squares means. Differences among means were tested using Tukey's multiple comparisons test. Significance was declared at P≤0.05, and trends were reported if 0.05< P≤ 0.15.
RESULTS AND DISCUSSION
Due to the imprecision associated with target calving dates the actual mean and associated standard deviations for feeding behavior samplings were -17 ± 3.6, -10 ± 3.7, 10 ± 1.6, 17 ± 2.4, and 52 ± 1.8 DRTC.
The activities of eating (Table 2) , resting (Table 3) , and rumination (Table 4) were not influenced (P>0.05) by diet for either the pre-or post-partum intervals. The data presented here is for one-hour intervals at feed delivery, 1, 5.5, and 11 hours post feeding.
The fact that time spent eating was not affected by treatments can be corroborated by the absence (P>0.05) of response of diet on the dry matter intake (DMI) in the days when cows were videotaped (CARVALHO et al., 2011) .
When data were collapsed across times post feeding and treatments, there was a reduction (P<0.05) in time spent eating from 15.7 to 12.9 ± 1.0 min/hour, and number of eating bouts from 11.2 to 7.6 ± 0.75 per hour for -17 to -10 DRTC, respectively (Table 2 ). There was a reduction (P<0.01) in resting bouts from 11.8 to 8.3 ± 0.72 per hour, and a tendency (P=0.09) for an increase in resting bout duration from 6.5 to 9.9 ± 1.4 min for -17 to -10 DRTC, respectively (Table 3 ). There was a tendency (P=0.09) for an increase in time spent ruminating time from 8.0 to 11.0 ± 1.2 min/hour and an increased (P=0.03) rumination bout duration from 6.3 to 9.4 ± 1.0 min for -17 to -10 DRTC, respectively (Table 4) .
Regardless of treatment, time spent eating (33.7 ± 1.3 min/hour), number of eating bouts (19 ± 0.9 bouts/hour), and eating bout duration (1.9 ± 0.2 min) were greatest (P<0.01) within the first hour post feeding during the prepartum interval (Table 2) .
Time spent resting was increased (P<0.01) during the prepartum interval at 1-2 hours post feeding (46.4 ± 1.7 min/hour), number of resting bouts was increased (P<0.01) at 0-1 hour after cows were fed (18.8 ± 0.9 bouts/hour), and resting bout duration was increased (P<0.01) with time after feeding (1.5, 9.6, 10.2, and 11.5 ± 1.8 min for 0-1, 1-2, 5.5-6.5, and 11-12 hours relative to feed delivery, respectively; Table  3 ). Time spent ruminating, number of rumination bouts, and rumination bout duration were increased (P<0.01) in the later intervals post feeding during the prepartum interval (17.8 and 14 ± 1.6 min/hour, 1.1 and 1.2 ± 0.12 bouts/hour, and 15.3 and 10.4 ± 1.4 min for 5.5-6.5 and 11-12 hours after feeding, respectively; Table 4 ).
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There was a tendency (P<0.10) for a DRTC × time effect on eating duration and eating bouts (Table 2) , number of resting bouts and resting bout duration (Table 3) , rumination duration, number of rumination bouts, and rumination bout duration ( Table 4) that was characterized by a shift to reduced activity at 11-12 hours post feeding on -17 compared with -10 DRTC.
During the postpartum interval the number of eating bouts decreased (P<0.01) from 9.3 and 8.0 ± 0.7 bouts/hour (for 8 and 15 days in milk, respectively) to 3.0 ± 0.7 bouts/hour at 50 days in milk (DIM), resulting in an increased (P<0.01) eating bout duration at 50 DIM (6.4 ± 0.8 minutes) ( Table 2) .
Time spent resting was 33.1, 36.4, and 28.5 ± 1.7 min/hour, and number of resting bouts was 10.2, 8.5, and 3.7 ± 0.74 bouts/hour for 8, 15, and 50 DIM respectively; means for each variable were different (P<0.01) for 8 versus 50 and 15 versus 50 DIM (Table 3) .
Rumination duration and bout duration were responsive to DRTC. Rumination duration was 11.5, 9.4, and 15.0 ± 1.6 min/hour for 8, 15, and 50 DIM, respectively, and means differed (P=0.03) for 15 versus 50 DRTC. Rumination bout duration was 9.5, 9.2, and 14.4 ± 1.5 min for 8, 15, and 50 DIM, respectively, and means differed (P=0.02) for 8 versus 50 and 15 versus 50 DIM (Table 4) .
All feeding behavior activities were responsive to time after feed delivery during the postpartum period. Time spent eating (28.8 ± 1.6 min/hour), eating bouts (11.2 ± 0.8 bouts/hour), and bout duration (5.3 ± 0.8 min) were greatest (P<0.05) within the first hour after feed delivery (Table 2) . Cows spent the least (P=0.02) amount of time resting within the first hour after feed delivery (28.7 ± 2.1 min/hour) but resting duration was similar (P>0.05) at other sampling times. The number of resting bouts was greatest (P<0.01) at 0-1 and 11-12 hours after feed delivery (11.3 and 9.3 ± 0.8 bouts/hour, respectively), but resting bout duration was shortest (P<0.01) during those intervals (4.0 and 9.5 ± 2.1 min for 0-1 and 11-12 hours post feeding) (Table 3 ). , Rio Verde, v. 07, n. 02, p.130 -141 , maio/ago. 2014. Rumination duration during the postpartum interval was 2.5, 16.4, 20.4, and 8.5 ± 1.8 min/hour for 0-1, 1-2, 5.5-6.5 and 11-12 hours relative to feeding, respectively, and was responsive to time after feeding. Rumination duration was similar (P>0.05) for 1-2 and 5.5-6.5 hours post feeding but differed (P<0.01) between all other intervals. Rumination bouts were 0.2, 0.8, 1.0, and 0.6 ± 0.1 per hour for 0-1, 1-2, 5.5-6.5 and 11-12 hours relative to feeding, respectively, and were responsive to time after feeding. Cows displayed similar (P>0.05) rumination bouts at 1-2, 5.5-6.5, and 11-12 hours post feeding, but differed (P<0.01) from the 0-1 hour interval. Rumination bout duration was 2.5, 15.0, 18.8, and 7.8 ± 1.7 min for 0-1, 1-2, 5.5-6.5 and 11-12 hours relative to feeding, respectively. Rumination bout duration was similar (P>0.05) for 1-2 and 5.5-6.5 hours post feeding, but differed (P<0.01) between all other times (Table 4) .
Eating duration and number of eating bouts were responsive to DRTC × time relative to feed delivery with a greater (P=0.03) eating duration at 5.5-6.5 and 11-12 hours post feed delivery at 50 DIM and fewer (P<0.01) number of eating bouts at 5.5-6.5 and 11-12 hours post feed delivery at 50 DIM (Table 2) . Likewise, resting bouts were responsive to DRTC × time relative to feed delivery with fewer (P<0.01) bouts occurring as time after feeding and DRTC increased. There was a similar tendency (P=0.06) for an effect on resting bout duration (Table 3) .
Although there was no effect (P>0.05) of treatments on in the present study, which refuted the hypothesis that glycerol would alter the activities of eating, resting and ruminating as either a consequence of coating of particles or through minimizing particle separation in rations for transition cows, the data presented herein contribute to the base information on feeding behavior of dairy cows in the periparturient period. However, caution should be exercised in extrapolating these data to generalize overall cow behaviors during the transition period given the high within cow variability associated with feeding, chewing, and ruminating activities, plus the fact that samples were collected for a limited number of days (DADO & ALLEN, 1994) .
Cows spent less time eating and had fewer eating bouts (P<0.05) as parturition approached regardless of the type of diet ingested (Table 2) , which can be explained by two reasons: first there is the effect of less space allowable for the rumen to be filled with digesta due to the maximum growth of the calf in the final period of gestation (GRANT & ALBRIGHT, 1995) , and secondly, physiological factors such as lipid mobilization and hormonal changes may contribute to feed intake reduction as cows approach parturition (DRACKLEY, 1999) . Nevertheless, the present data are in agreement with HUZZEY et al. (2005) , who reported decreased eating times by close-up dry cows.
The lack of response (P>0.05) of postpartum DRTC on time spent eating (Table  2) was unexpected based on the result that cows increased feed intake at 51 DIM compared with 9 and 16 DIM (CARVALHO et al., 2012) . However, there was an increase (P<0.01) in number of eating bouts and eating bout duration during the postpartum interval (Table 2) , leading to an increased meal size as lactation progressed to 50 DIM, which has been previously reported for early lactating cows (GRANT & ALBRIGHT, 1995) .
Overall, time spent eating during the pre-and post-partum intervals (Table 2) was greatest (P<0.01) within the first hour after fresh feed was delivered, in agreement with other authors who reported that cows consumed the greatest amount of feed within three (BHANDARI et al., 2008) and four (CARVALHO et al., 2012 ) hours post feeding, and then decreased feed intake in the subsequent times throughout the day. There was a tendency (P=0.11) for a treatment by time post feeding response that increased (P<0.05) time spent ruminating in cows fed prepartum glycerol between 5.5-6.5 hours after feed delivery (Figure 1 ), which is a behavior that may be desirable in regard to buffering the short chain fatty acid production in the rumen after the consumption of a large meal when fresh feed is delivered. 
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CONCLUSIONS
Glycerol is a suitable feed ingredient to replace high-moisture corn at 11.5 and 10.8% of the pre-and post-partum diets, respectively, based on the lack of adverse effects on the activities of eating, resting and rumination of transition dairy cows. 
